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Abstract We present the Green Bank 100 m Telescope (GBT) mapping observa-
tions of CS 1-0, and the Submillimeter Array (SMA) 157-pointings mosaic of the
0.86 mm dust continuum emission as well as several warm and dense gas tracers, in
the central ∼20 pc area in Galactic Center. The unprecedentedly large field-of-view
and the high angular resolution of our SMA dust image allow the identification of
abundant 0.1-0.2 pc scale dense gas clumps. We found that in the Galactic Center,
the Class I methanol masers are excellently correlated with the dense gas clumps.
However, on the 0.1 pc scale, these dense gas clumps still have a extremely large
linewidth (FWHM∼10-20 km s−1). Simple calculations suggest that the identified
clumps can be possibly the pressurized gas reservoir feeding the formation of 1-
10 solar-mass stars. These gas clumps may be the most promising candidates for
ALMA to resolve the high-mass star-formation in the Galactic center.
1 Introduction
The universality of the star formation laws has been widely investigated in extra-
galactic studies ([1], and references therein). When taking a closer look, these star
formation laws may represent merely the weighted media for the large number of
observed molecular clouds. Ultimately, the high precision observations may allow
us to parametrize the details about how the star formation rate and efficiency are
deviated from the laws, because of the different physical conditions in the natal
molecular clouds. Preliminary hints may first be provided by observing the environ-
ments with extreme physical conditions.
The ∼200 pc Galactic Central Molecular Zone (CMZ) provides the unique
laboratory to resolve the star-forming molecular clouds around the supermassive
black hole with the sub-parsec scale resolutions, thanks to the proximity. The
high molecular gas temperature and the largely non-virialized gas motions in these
clouds present the most extreme environment for star formation ([2], and references
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therein). The previous observations on molecular cloud M0.25+0.01 in the CMZ
have reported the ∼2 orders of magnitude smaller star-forming efficiency than the
molecular clouds in the rest of the Galactic disk [3, 4, 5, 6]. In this work, we present
the multi-scale mapping observations towards the Sgr A molecular clouds, which
are the star-forming regions nearest to the central supermassive black hole Sgr A*.
Our aims were to resolve the overall geometry and kinematics of these molecular
clouds, and to examine the formation of the localized gas overdensities in high res-
olution images. Our large-scale mapping observations have provided the road maps
for the higher angular resolution follow-ups.
Fig. 1 The channel maps of the CS 1–0 line (gray scale; [7]). The color bar is in Kelvin units.
White contours show the 300 Jy beam−1 km s−1 level of the velocity integrated HCN 4–3 intensity
map taken by SMA, to indicate the warm CND. The orange dashed-dotted arc is drawn to indicate
the newly discovered Southern Arc. The light blue dashed-dotted arc is drawn to indicate the
Eastern Arm constituted by the well-known 50 km s−1 molecular cloud, the northern part of the 20
km s−1 molecular cloud, and the molecular ridge located in between.
2 Observations
We observed the CS 1-0 transition and the NH3 from (1,1) to (6,6) transitions using
the NRAO GBT [7, 8]. We made the 157-pointings mosaic observations (354.1-
358.1 GHz and 342.1-346.1 GHz) toward the Galactic center using the SMA, in
its compact and subcompact array configurations [7, 9]. The minimum and max-
imum projected baselines in our SMA observations are ∼7.0 kλ and ∼82 kλ .
The short spacing continuum data were complemented by combining the archival
JCMT SCUBA image, using the procedure outlined in our previous papers [9, 10].
The zeroth order free-free continuum emission model was constructed based on
the archival VLA 7 mm observation data, and was subtracted from the combined
SMA+JCMT 0.86 mm continuum image.
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3 Results
Figures 1 and 2 show the CS 1-0 velocity channel maps, and the SMA+JCMT 0.86
mm dust image [7, 9]. These observations covered the well-known 50 km s−1 molec-
ular cloud, the northern part of the 20 km s−1 molecular cloud, and the 2-4 pc scale
circumnuclear disk (CND) surrounding the central supermassive black hole Sgr A*.
The CS 1-0 channel maps show that the 50 km s−1 and the northern part of the 20
km s−1 molecular clouds are connected by the molecular ridge in the east. They are
likely to be sectors of the same dynamical entity. Since the early careful analysis
of the formaldehyde absorption line have suggested that the 50 km s−1 and the 20
km s−1 molecular clouds are background and foreground to the Sgr A*, respectively
[11]. We proposed that these gas clouds (as well as the newly discovered Southern
Arc; Figure 1) are the gravitationally accelerated gas streams orbiting around the
Sgr A* and the central stellar cluster at the small radii (e.g.≥5-10 pc) [7]. The asym-
metric and clumpy CND may be the tidally trapped inner part of these gas streams.
We note that the entire 20 km s−1 molecular cloud consists of multiple components
in the line of sight [8]; other components may locate at the further distances from
the Sgr A* [12].
These molecular clouds/streams are subjected to strong ionizing flux and the
pressure of the hot ionized gas, however, still show high-mass star-forming activ-
ities including the ultracompact HII regions in the west of the 50 km s−1 cloud
[13]. Our dust continuum image marginally resolves at least several tens of 10-102
M dense clumps in the 5′ field, including the CND and the exterior gas streamers
(Figure 2), which provides the candidates of gas reservoirs to feed the massive star
formation. From the spectral line data, the velocity dispersions of the dense clumps
and their parent molecular clouds are ∼10-20 times higher than their virial velocity
dispersions [9], which is contrast to the typically virialized gas cores in high-mass
star-forming regions outside of the CMZ [14]. Some of the dense gas clumps are
associated with 22 GHz water masers and 36.2 GHz and 44.1 GHz CH3OH masers
(Figure 2). However, we do not find clumps which are bound by the gravity of the
enclosed molecular gas. The detailed kinematics in these gas clumps remains to be
resolved in higher resolution observations.
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Fig. 2 The SMA+JCMT 0.86 mm continuum image with a free-free model subtracted. (color and
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1612 MHz OH line sources [15]. Pink diamonds are the 36.2 GHz Class I CH3OH masers reported
in [16]. Yellow diamonds are the 44.1 GHz Class I CH3OH masers reported in [17]. White Crosses
and diamonds are the 22 GHz water masers and the 44.1 GHz CH3OH masers reported in [18].
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